Physical activity (PA) assessment needs tools that are inexpensive and easy to administer. Common questionnaires inquire time spent in light, moderate, and vigorous PA. However, inaccuracies may occur due to individually different understanding of PA intensity levels. Alternatively used direct measures (e.g., accelerometers) are susceptible to reactivity bias and may lack the ability to capture certain activities. Compared to accelerometer measurement, respondents report more time spent in higher-intensity PA. A video that visualizes PA intensity levels might help to overcome this problem. This report describes the design of a randomized controlled trial as a methodology to investigate the effect of a video on the difference between self-reported and directly measured PA. It is hypothesized that the video reduces the mean difference between the two measures. Individuals from the general population are recruited. Hip-worn accelerometers are used to collect directly measured PA data on seven consecutive days. Afterwards, participants are randomly allocated to the experimental and the control group. The experimental group receives a video demonstration on PA intensity levels and subsequent PA assessment via self-administered computer-assisted questionnaire. The control group receives PA assessment only. Thereafter, the data are processed to compare the difference between self-reported and accelerometer-based moderate-to-vigorous physical activity (MVPA) between the study groups using a two-sample t-test. This methodology is appropriate for investigating the effect of any existing or self-produced video on the difference between the two measurement methods. It can be used not only for persons from the general population, but for a variety of other populations and contexts as accurate measures are needed to evaluate PA levels.
Introduction
Assessment of physical activity (PA) is commonly done by questionnaires because they are inexpensive and easy to administer. As positive associations between amounts of higher-intensity PA and cardiovascular health are well established 1, 2, 3 , many questionnaires inquire frequency and time spent in light, moderate, and vigorous PA presenting examples of respective activities 4, 5, 6, 7, 8 . However, they may be flawed by inaccuracy due to individually different understanding of PA intensity levels 9 . Further, specific activity examples may not hold true for individuals with different physical constitutions. For example, overweight or obese persons may feel more exerted than persons with normal weight when performing the exact same activity. Direct measures on the other hand (e.g., accelerometry) require considerable amounts of time and costs and possess limited validity due to reactivity bias 10, 11 , sample selection bias 12 , and the lack of ability to accurately capture certain activities 13 . A broad range of studies showed only low to moderate agreements between self-reported and accelerometer-based PA 14, 15, 16 . Most findings indicate that respondents report more time spent in higher-intensity PA compared to directly measured data. Throughout the manuscript, the term "gap" is used to designate this lack of agreement between accelerometry and self-reported PA.
A video as part of a computer-assisted self-completed questionnaire might help to reconcile the two measures by increasing the accuracy of self-reports. A video demonstration provides an opportunity to show different intensity levels of PA that are hard to explain by written text only. Respondents receive a visual reference they may compare their performance levels with and thus, misclassification of light, moderate, and vigorous PA may be reduced. Up to now, videos to support assessments are available in the context of mobility and physical functioning validated for older adults 17, 18, 19 . To our knowledge, there are no video-supported assessments that provide a reference for light, moderate, and vigorous PA.
Protocol
This protocol was approved by the ethics committee of the University Medicine Greifswald (number BB 076/18; June 2018).
Video construction and experimental design
1. Select a publicly available or self-produced video based on the specific experimental question. The video should explain the terms used in the self-report questionnaire to support participants' understanding. The video used here contains explaining and visualizing symptoms as well as naming examples of light, moderate, and vigorous PA. 1. In the video, have a person on a treadmill in a fitness center give a general introduction to the different intensity levels of PA. 2. Have the person explain differences in heart rate, breathing frequency, and capability to talk normally in accordance with the intensity levels.
Have the person simultaneously demonstrate those symptoms while walking/running on a treadmill at the according pace. 3. Have the person give examples of daily-life activities and emphasize individual differences in the evaluation of PA intensity levels.
NOTE: The video used here was produced in German based on a video clip from the Centers for Disease Control and Prevention (CDC) 20 . If participants are native English speakers, the original video may be used with emphasis on minutes 1:46 to 3:25. The person in the present video is an approximately fifty-year-old, normal-weight, white male in good physical shape. See Figure 1 for a visual depiction of video structure and contents.
2. Integrate the video into a self-administered tablet-computer survey to be presented directly before the PA questionnaire and make sure participants cannot skip the video. Randomize presentation of the video 1:1. 1. Integrate questions on sociodemographic and health related variables into the survey as desired for description of sample characteristics. 2. In the present study, self-reported PA is assessed using a modified version of the International Physical Activity Questionnaire Short Form (IPAQ-SF) 4 , German version 21 , addressing the last seven days. Two items each address number of days and respective time spent in moderate and vigorous PA. The original items on walking are replaced with questions on light PA as walking may be performed on different intensity levels 22 and walking is not equivalent to light PA measured by accelerometry. Sociodemographic and health 
Power calculation
1. Conduct a power analysis using respective software in order to define the sample size necessary to obtain statistically conclusive results.
Include an interim analysis to verify underlying assumptions and early stopping of the study. 1. Choose a statistical test appropriate for the research question. 2. Based on the literature, set the assumed mean difference between questionnaire and accelerometer data in the control group, that is, the divergence between self-reported and directly measured PA without presentation of the video. 3. Set the assumed mean difference between questionnaire and accelerometer data in the experimental group, that is, the divergence between self-reported and directly measured PA with inclusion of the video demonstration. 4. Set the assumed standard deviation (SD) for both groups. 5. Choose power and alpha-level as desired.
2. Based on the literature and considering the specific study design, decide on an assumed drop-out rate to retrieve the final number of participants to be recruited. 3. The power analysis of the present study is based on a two-sample t-test assuming equal variance. Based on a comparable sample 10 , the assumed mean difference between questionnaire and accelerometer data in the control group is 90 min per day of MVPA. The assumed mean difference in the experimental group is 60 min per day (SD in both groups = 100 min per day). As it is hypothesized that the integration of the video reduces the gap between the two measures, a one-sided significance level of p = .05 is chosen (power = .80). Results of power calculation including interim analysis revealed that a total number of 314 participants is needed for demonstrating the experimental effect. Assuming a drop-out rate of about 10%, it is planned to recruit 350 participants (Figure 2 ). 
Participant recruitment and preparation for data collection
1. Choose a recruitment setting that permits enough time to hand out the accelerometer and to prepare it for data collection (e.g., in a shopping mall or at the workplace) in order to keep efforts of participants low and to increase adherence to the study. 1. Recruit participants who have the ability to walk independently (e.g., no permanent use of a wheelchair) and who are physically and cognitively capable of completing a self-report questionnaire. Be sure to recruit a similar number of male and female participants of all ages within the desired age range. 2. As an incentive for participation, point out that participants are going to receive a feedback letter on directly measured PA and sedentary time after completing the study. Use monetary incentives as desired. 3. Obtain written informed consent from each person prior to their participation.
Participant assessment session
NOTE: Conduct this session within three days after the last accelerometer wearing day.
1. Collect the accelerometer from the participant. 2. Set up a new participant in the tablet-computer survey and type in the individual study identification number of the participant. 3. Hand over the tablet computer to the participant to answer the self-administrative questionnaire. 4. When the participant has completed the questionnaire, collect the tablet computer and continue with measurement of somatometry.
1. Ask the participant to take off their shoes and to stand on calibrated scales for measurement of body weight. Type in the result into the tablet computer. 2. Ask the participant to stand up straight in front of a mirror with toes at a mark on the ground for measurement of body height. Type in the result into the tablet computer. 3. Ask the participant to remove upper layers of clothing for measurement of waist and hip circumference. Measure waist circumference midway between lowest rib and iliac crest. Measure hip circumference about two inches below iliac crest. Use the mirror to check accurate positioning of the tape. Type in the results into the tablet computer.
5. Thank and dismiss the participant.
Download of accelerometer data for processing and creation of feedback letters
1. Download the data from the device using the appropriate software.
1. Select to use data from the vertical axis and choose an epoch length of 10 s. 2. Export the data to an appropriate program for further processing. According to the output metric used, choose cut points to determine non-wear time and to differentiate between PA intensity levels 24, 25 . Table 1 presents descriptive statistics of the analysis sample (n = 131). Of this sample, 68 participants (52%) were randomized to the experimental group and 63 participants (48%) were randomized to the control group. The experimental group received a video demonstration before completing the PA questionnaire, whereas the control group received PA assessment only. It was hypothesized that the video demonstration reduces the gap between self-reported and accelerometer-based PA. Preliminary results of interim analysis revealed a lower formal mean difference in the video group (M = 21.8, SD = 108.9) compared to controls (M = 41.0, SD = 117.4, t(129) = 0.97, p = .166, Figure  3 and Figure 4) . The p-value lies between the significance (p < 0.010) and futility (p > 0.269) boundaries of the test simulations. Thus, the study may continue as planned until the total sample size is reached. Table 1 : Sample characteristics of participants included in the preliminary interim analysis. N = number of participants. MVPA = moderate-to-vigorous physical activity. Data are presented as mean ± standard deviation for continuous variables and as the number of participants (%) for categorical variables. Body mass index was calculated from objectively measured height and body weight at the participant assessment session. Self-reported general health was measured on a 5-point scale from 1 "very good" to 5 "very bad". Self-reported and accelerometer-based MVPA as well as accelerometer wear time refer to average minutes per day across seven days.
Define non-wear time as

Statistical analysis
Total
The most important steps in the protocol include fundamental aspects of trial conduction that ensure the receipt of accurate data, such as correct accelerometer initialization and data download or making sure that the video may not be skipped by respondents. Further, there are more specific issues about the accelerometer wearing period and the daily wear time. First, the accelerometer wearing period and self-reported data should refer to the same time frame. To hand out accelerometers and agree on the date of the assessment session immediately after recruitment seems helpful to ensure participants' adherence to the scheduled appointment. Second, participants may not always comply with the instructions for accelerometer wearing. The device may be worn for less than seven days and/or only a few hours per day, whereas subsequent self-reports refer to the complete wearing period. Thus, over-reporting of MVPA may be bound to occur. Moreover, if wear time substantially differs between study groups, results may be compromised due to biased accelerometer-based MVPA data. Inspection of interim descriptive statistics may uncover insufficient amounts of wear time. For example, among the participants who completed the study protocol (n = 142), only 115 participants wore the device at least 10 hours on each of the seven days. There were three participants with a wear time of 0 minutes on one or more days. Excluding outliers seems necessary to ensure that the data are representative for an entire day as well as the total assessment period. Although most studies on correlations between accelerometry and PA questionnaire data request a wear time of ≥10 hours per day on ≥4 days per week 29 , investigations on the gap between measures may require more conservative cut-off values. Thus, we decided to exclude participants from the analysis who did not wear the accelerometer for ≥10 hours per day on ≥6 days.
Further modifications of the protocol may be appropriate. Preliminary results of descriptive statistics shown in Table 1 indicate an unbalanced proportion of men and women in our total sample and between study groups. If the video affects self-reports differentially in men and women, overall video effects may be biased. Thus, basic variables (e.g., sex and age) may need to be considered in the randomization algorithm. Moreover, the main analysis model may need to include sociodemographic and health related variables as potential confounders using a linear regression model instead of a t-test.
The methodology described here aims at reducing the gap between self-reported and accelerometer-derived PA by using a video to address comprehension of PA intensity levels. However, specific characteristics inherent to each measure remain to affect this gap. First, self-reported PA data is susceptible to recall bias 30 and may be affected by social desirability bias 31, 32 . Second, bias in accelerometer data particularly origins in different motivation to wear the device. Third, hip-worn accelerometers may lack the ability to accurately capture cycling and swimming 13 . Finally, accelerometers capture absolute amounts of movement whereas self-reports account for relative physical exertion 33, 34, 35 . Considering these factors, the visualization of intensity levels may present only one of many options to reduce the gap between self-reported and directly measured PA.
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